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HOMOPOLAR PIPELINE WELDING
RESEARCH PROGRAM

INTRODUCTION

This report is the third quarterly report of the third year to the sponsors of the Homopolar
Offshore Pipeline Welding Research Program. The Joint Industry Program, which began in
February 1993, was initially supported by a team of six oil companies and one welding
contractor. The five-year program’s ultimate goal is to produce a prototype system suitable for
installation on a J-Lay barge. This is to be achieved by building and demonstrating operation of
a full scale vertical HPW system capable of producing industry acceptable homopolar pulse
welds in 12 inch schedule 60 (0.562 inch wall) carbon steel pipe. The research effort is being
performed by the Center for Electromechanics at the University of Texas at Austin.

The current list of sponsors are:

AMOCO Corporation

BP Exploration

Exxon Production Research

Mobil Research & Development Corporation
Shell Development Company

Texaco, Inc.

CRC-Evans Automatic Welding (in-kind)
Parker Kinetic Designs (in-kind)

Quarterly review meetings brief sponsor representatives on program status and solicit
sponsor input. These meeting locations alternate between Austin and Houston.

The preliminary work necessary to initiate this program was supported by the National
Science Foundation through the Offshore Technology and Research Center (OTRC).




Quarterly Report
2nd Quarter, Year 3

HOMOPOLAR PIPELINE WELDING
RESEARCH PROGRAM

1. SUMMARY
1.1 BACKGROUND

Typically, offshore pipelines are constructed using the S-lay method, which permits the
pipe to be welded and inspected in the horizontal position. Multiple welding and inspection
stations are possible with this method, being limited only by the deck length of the welding
barge. Due to increased buckling stresses, deep water pipelines require the steeper angle of entry
into the water presented by the J-lay method. The vertical or near-vertical welding position
inherent in J-lay necessitates a single welding station, presenting great economic incentive to
minimize pipe handling and welding cycle times.

Homopolar pulse welding (HPW) is a one-shot resistance welding process being
investigated as a method to join APT 5L carbon steel linepipe. Homopolar pulse welding utilizes
the high current, low voltage electrical pulse produced by a homopolar generator to rapidly
resistance heat the interface between abutting pipe ends, producing a full circumference
resistance forge weld in under three seconds.

A five year joint industry program is sponsoring HPW research with the goal of
developing the process for deep water offshore pipeline construction utilizing the J-lay method.
The first 2 years of the program concentrated on weld parameter optimization by producing,
testing and evaluating welds in various grades, wall thicknesses, types and compositions of three
inch nominal (3.5 inch OD) diameter API 5L carbon steel pipe. Mechanical properties of the
welds and parent metal were evaluated by tensile testing, impact testing and hardness traverse
testing according to guidelines and criteria established by the industrial sponsors.

Homopolar pulse welding has demonstrated the capability to produce industrially
acceptable full circumference welds in carbon steel linepipe via a rapid, one-shot process.
Future work will concentrate on developing the process for commercial field installation, with
the program’s goal being the demonstration of a prototype system for producing HPW welds in

twelve inch diameter pipe in a J-lay configuration.




1.2 Quarterly Summary

During the past quarter, 17 welds were performed, mechanical testing continued, the
NDE effort acquired in-house automatic ultrasonic testing capabilities. and research continued in
preparation for design of the 12 inch fixture.

The 17 welds performed consisted of 5 confirmation welds in B and D material, one weld
cach in the A and C materials using optimized B and D weld parameters, one D material weld
using increase field current, and an eight weld series in D. All of the confirmation welds and A
and C material welds used the D7.2 parameters, which produces a smooth weld bulge on both
OD (outer diameter) and ID (inner diameter), lacking cracks where the extruded step forms a fin.
All welds produced with D7.2 weld parameters have similar process parameters, including peak
current, peak temperature, and displacement.

Welds performed using A and C material had low impact toughness test results, with a
maximum 8 ft-Ibs. Hardness test results revealed weldzone hardening similar to other A and C
welds. Tensile testing is underway.

Six of the confirmation welds in B and D using D7.2 weld parameters will not receive
standard mechanical testing. One each from B and D has been set aside for display, while the
remaining four, 2 each from B and D, have been sent out for CTOD testing, arranged by CRC-
Evans. Mechanical test results for confirmation welds in B and D material using D 7.2 weld
parameters indicate that impact toughness, and yield and tensile strengths are not affected by
rounding the bevel shoulder.

The three parameter, two level eight weld series in the D material varied all end geometry
parameters: step length and width, and bevel angle. Generator parameters were 2,100 rpm
discharge speed and 360 amp field current, using a 60 kip constant load. Impact toughness test
results followed trends observed in series D3 and D6, with excessive heating drastically reducing
impact toughness. Six of the eight welds had an overall mean impact toughness of 91 ft-lbs, with
the remaining two having mean values of less than I ft-Ib, due to possible overheating.

Mechanical testing of previous welds included tensile testing of 17 welds, with all
meeting sponsor acceptance criteria. Pores observed on the fracture surface of tensile specimens
of B and D material initiated a study of both materials, revealing the presence of grain sized
pores randomly distributed through the parent material. Pore distribution and shape was not
observed to be affected by the welding process. Review of CVN notch revealed that notch depth
was shallow by 0.005 in., and that the notch placement was out of specification on 4 of 25
specimens, with the maximum error of 0.0135 inch. Corrective measures have been taken.




Lateral deformation at the weldline has been significantly reduced following
modifications to the welding fixture and the set up procedure. Guide blocks were installed
between the moving lower platen and the fixture corner posts (2 in. diameter), which limited
lateral deflection of the lower platen. The procedural modification removed a source of random
variation in the fixture.

With the need-to-do increased nondestructive testing, and the recent availability of a low-
priced automatic ultrasonic testing system, the JIP has ordered the AUT system. The system
should save the program money on AUT since the cost of the system is less than the cost of three
contractor performed tests. The system will allow complete testing and correlation of NDT
results with mechanical test results. The scanning head can be adapted to 12 in. diameter pipe.

2. MATERIALS

The pipe materials investigated to date are presented in Table 1. All materials are three
inch nominal (3.5 in. OD) API 5L carbon steel pipe grades. Welds from these materials are
identified by an alphabetical weld prefix code, with the first material investigated being assigned
the code A, the second B, etc. Mill test reports for these steels are reproduced as Figures |
through 4. Material D is a quenched and tempered grade X-63 pipe delivered in late November
from Nippon. This pipe was made specifically for us in 3.5 in. diameter from a single bloom,
therefore, chemical composition is available but mill mechanical test results are not.

Pipe for welding in the 12 in. fixture has been received and parent metal studies are
underway on a short section of the pipe. The pipe had the following marking on the coated
exterior:

SHELL P-8640 Auger 2
12 3/4x0.562x 73.15 NKK. X-52

P.O. PX-88G736 - NAT 8-19-92
Bayou Pipe Coating 2 N.G. 2501

NKK 2639
41.2

NKK TEST -JT
Near/ White Blast
0-8-92




3. HPW PROCESS DESCRIPTION

Homopolar pulse welding is properly classified as a resistance-forge welding process.
The primary components of a HPW system are the homopolar generator and the hydraulic
welding fixture. The homopolar generator stores energy kinetically in a rotating flywheel and
converts it to electrical energy in a discharge circuit via electromechanical energy conversion.

The HPW process begins by accelerating the homopolar generator's rotor to a
predetermined discharge speed. Then the generator is energized by exciting the field and
engaging the sliding electric contacts, or brushes, onto the slip ring of the spinning rotor.
Discharge is initiated by closing switches in the circuit near the generator terminals. The
resultant current pulse is directed through the pipes, where weld joint electrical resistance
produces extensive localized heating. After a preset time delay, upset pressure is applied to the
pipes, displacing metal at the original interface and creating a full circumferential butt weld.

Postweld cooling rate is determined by the pipe and electrode physical dimensions, with
the copper electrodes acting as a heat sink during cooling. Increasing the distance between the
electrodes heats a larger bulk of the pipe on either side of the weld joint and increases the thermal
conduction path from the weld zone, slowing the cooling rate. In combination with electrode
location, generator discharge speed and field current, pipe end preparation, upset pressure, time
between generator discharge and application of upset pressure, and duration of the upset pressure
are all controllable process parameters affecting weld quality.

The method is similar to other resistance welding methods, with the exception that the
energy is delivered in the form of a single high current DC pulse. The process is therefore fast,
and does not produce the localized skin heating effects present in AC resistance welding
methods. Flash Butt Welding can be used on the same pipe diameters that are being targeted for
J-lay, but flash butt welding takes from one to two minutes per joint, and produces extensive
melting and a large heat affected zone (HAZ). Homopolar pulse welding requires only a few
seconds and is considered a solid state welding process.

The same generator and fixturing used to produce a homopolar pulse weld may be
atilized to heat treat the weld and HAZ. After the weld zone has cooled below the
transformation temperature, an additional HPG pulse may be used to reheat the weld zone.
Electrode location and generator parameters can be preselected to control the amount of heating,

width of heated zone, and the subsequent cooling rate.
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3.2 Process Parameters

Measured data from each weld is recorded on data logging digitizers and stored.

Parameters measured during each weld include: current, voltage, displacement, and temperature

near the weld interface along with generator speed, voltage and current data. In addition, each

weld is recorded visually on videotape for later reference and analysis. The following listing

provides more complete descriptions of the process parameters:

1.

Total Current (TOTC): The total current, which is measured using a Rogowski cotl,
s the total current that flows through all the busswork and weld interface. The trace
of the current is shown in Figure 5, with the measured values: peak current and time
to peak.

Interface Voltage (INTV): The interface voltage, which is measured by spotwelding
voltage probes to the OD surface 0.25 in. on either side of the interface, is the voltage
drop between the voltage probes, which includes the weld interface. The trace of the
interface voltage is shown in Figure 5 with the measured values: peak voltage and
time to peak.

Weld Temperature (TCIF): The weld temperature, which is measured using a Type K
infrared thermocouple having a 0.50 in. diameter minimum sensing area centered on
the weld interface, is the temperature of the weld zone. The measured values are
regarded as relative measures of weld zone temperature. Spotwelded thermocouples,
previously used, provided highly variable temperature readings due to the transient
nature of the HPW thermal cycle. The trace of the weld temperature is shown in
Figure 6, with the measured values: peak temperature and time to peak.
Displacement (DISP): The weld or upset displacement, which is measured using a
rotary displacement transducer, measures the movement of the hydraulic ram relative
to ground. After the interface is brought to load, further deformation is due to
softening and forging of the weld interface and adjacent material, while the weld is
performed. With the use of the stepped and beveled end geometry and the high initial
load, the displacement trace has a characteristic shape as shown in Figures 6. The
initial sharp rise is attributed to heating and collapse of the step. The rate of softening
exceeds the hydraulic ram velocity, resulting in a temporary reduction of applied load.
The first shoulder occurs when the ram “catches up”, returning to setpoint value, as
shown in Figure 7. The first recorded value, DISP1, refers to the displacement at the
time when ram peaks following softening. Subsequent displacement occurs at a
reduced rate as remaining step material, the bevel and the wall heat, soften and forge
under the applied load. The second recorded value, DISP2, which is recorded at the

1




time when the temperature peaks, is the displacement when the rate of deformation
levels off, as shown in Figure 6.
Process data is included in this report for all recent welds.

4. EXPERIMENTAL PROCEDURE AND RESULTS
4.1 Mechanical Test Procedure

Impact test specimens are full size (10 mm x 10 mm x 55 mm) for welds in which the
pipe is schedule 160 (0.438 in.) wall, half size (5 mm x 10 mm x 55 mm) for schedule 80 (0.300
in.) wall pipe welds. In other words, full size specimens are tested for material A and C welds,
half size specimens are tested for material B and D welds. Specimens are cut to length with the
weld line centered in the specimen, and standard Charpy V-notches are cut in the specimens at
the weld line on a specimen side corresponding to the through wall thickness of the weld joint
(for example, the 5 mm wide face is notched on the half size specimens). Testing is performed at
0°C by immersion of test specimens in an ice water bath at least five minutes prior to testing.
The test values reported are actual test values, no adjustments are made for non-standard
specimen sizes.

Tensile tests are performed on strip specimens with 0.50 in. specimen width in the two
inch gage length, with the weld line centered in the gage section. Specimen thickness can vary
from full thickness specimens (no machining on ID and OD) to less than 0.200 in. for flat
specimens from welds requiring extensive cleanup due to non-symmetrical weld line
deformation. Typically, flat specimens are nominally 0.25 inch in thickness. Cross sectional
area of the specimens is obtained by measuring the width and thickness of each specimen to the
nearest 0.005 inch. A

Tensile testing is performed on an Instron Model 1 125 test frame with a 100 kN load cell
at a constant crosshead speed of 2 mm/minute. The load-displacement curve is plotted on chart
paper during testing, this plot is then used to determine peak load and yield point load in cases
where a yield point phenomena is observed. After testing to failure, the specimen halves are
placed together and the final gage length, along with width and thickness at necked location, 18
measured and recorded. These values are used to calculate percent elongation after failure and
percent reduction in area after testing.

Hardness traverses are performed using a Vickers macrohardness tester with a load of 10
kg. applied for 15 sec. A typical traverse covers 50 mm, 25 mm on each side of weld line, with

indentations spaced 1 mm apart.

12
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4.2 Evaluation of CVN Test Specifications and Corrective Measures

In response to an unexplained difference in impact toughness test results between the
Welding Institute of Canada and CEM on the D4 welds, the impact toughness test was reviewed
to determine whether it was within the ASTM specifications. The evaluation consisted of two
parts: the notching of the specimens and the testing. The testing was found to be within
specifications, which mostly consisted of assuring that the specimen was propetly positioned in
the fixture, and that test temperature was maintained at the notch prior to impact.

Evaluation of the notch included correct notch geometry and correct notch placement.
Using a 20:1 optical comparator, the notch was found to have the correct angle (45°) and notch
tip radius ( 0.010+£0.001 in.) but was shallow by approximately 0.005 inch. Corrective measures,
which included cleaning the broach, adjusting cut depth and changing cutting fluid, brought the
notch depth within specification (0.079£0.002 in.).

Based on 25 CVN specimens from the D7 Weld Series, the prescribed specimen center
was found to be out of specification on four of the specimens, with the maximum error less than
0.014 in. (0.36 mm). No variation in impact toughness was observed in specimens with notch
placement errors.

Based on the lack of measurable difference in impact toughness test results between those
performed before and after corrective measures, the CEM research team concluded that the
difference in impact toughness test results between WIC and CEM should not be attributed to

variations in the CVN test.

4.3 D Series Welds

Welds performed in the D material starting with the D3 series have used stepped and
beveled end geometry with an high, constant load. Three 8 weld series, D3, D6, and D8, have
been completed where three parameters were varied at two levels, permitting evaluation of
individual input parameter effects and the effect of interaction between input parameters.
Response tables are used to evaluate the effect of the variable input parameters on specific
responses for three parameter two level weld series, specifically D3, D6, and D8 series. Test
specimens for mechanical testing includes three or five CVN, two tensile, two metallurgical, and

one hardness.

4.3.1 Series D3
Series D3 consisted of eight welds in the D material with parameters variations selected

to investigate interface geometry and energy input, and their effect on mechanical properties.
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Specific parameters varied include bevel angle, step length, and discharge RPM as presented in
Table 2.

Updated tensile test results are presented in Table 3 for six of the eight welds as D3.4 and
D3.7 failed to vield tensile specimens due to excessive lateral deformation. Tensile strengths
ranged from 81.6 to 84.6 ksi while yield strengths ranged from 69 to 74.6 ksi. Impact toughness
test results, presented in Table 4, indicate that doubling the step length decreases the impact
toughness. Table 5 presents a response table for the mean impact toughness results,
demonstrating that the step length had the greatest influence on impact toughness, and that the
interaction of the step length and RPM had the second greatest influence on impact toughness.
Hardness traverse results are presented in Figures 8 and 9. Test results indicate that increasing
the step length increases WZ peak hardness while increasing discharge RPM increases HAZ
width. No trends observed with changing the bevel angle.

Tables 6 summarize series D3 weld parameters, process parameters, and mechanical test
results. Table 7 presents the weld parameter matrix with process parameters and CVN results.

4.3.2 Series D3: Confirmation Series

Series D5 consisted of six welds in the D material produced using identical weld
parameters. Parameter selection was based on the high impact toughness test results of weld
D3.2, as presented in Table 2, the Series D3 Weld Parameters. Hardness test results are
presented in Figure 10 and 11. Tables 8 summarize series D3 weld parameters, process
parameters, and mechanical test results. Impact toughness test results, presented in Table 10,
show minimum impact toughness of 61 ft-Ibs with an overall mean of 99.5 ft-lbs. Tensile test
results for three welds, D5.2, D3.3, and D3.6 presented in Table 9, meet the Hammond Criteria
for yield and tensile strength. The mechanical test results for the D3 series demonstrate that
acceptable D material HPW welds are possible.

4.3.3 Series D6
Series D6 consisted of eight welds in the D material with parameter variations selected

for continuing investigation of interface geometry and energy generation on mechanical
properties. Specific parameters varied included contact width, load, and generator field current
as presented in Table 11. Table 12 summarize series D6 weld parameters, process parameters,
and mechanical test results. Table 13 presents the weld parameter matrix with process
parameters and CVN results.

Impact toughness test results are presented in Table 14. The analysis, from the response
table, Table 15, indicates that contact width has greatest affect on impact toughness, with the

narrower contact width setting, 0.10 in., producing higher CVN values, with an average increase
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of 33 ft-1bs. Higher initial loads and higher field current settings increased impact toughness by
10-14 fi-lbs. The interaction of contact width and field current produced averaged 21 ft-lbs
higher when both are set high or low. These settings do not tend to produce highest or lowest
heating of the workpiece, reinforcing D3 series results that excessive heating degrades impact
toughness as does insufficient heating.

Tensile test results, which are presented in Table 16, show that the tensile strength ranges
from 81.0 to 83.6 ksi and the yield strength ranges from 71.7 to 73.8 ksi. These results are
comparable with parent metal values, exceeding the Hammond Criteria.

Hardness test results are presented in Figures 12 and 13. The minimum hardness ranged
from 167 to 172 kg/mm?2, with peak values from 193 to 206 kg/mm?. Higher peak hardness,
measured in welds with lower load settings, indicate that higher interface resistance produces
higher temperatures at the interface. Higher peak temperatures are associated with increased

hardness.

4.3.4 Series D7
Series D7 consisted of nine welds in the D material with parameter variations selected to

investigate improving the weld bulge profile. Specific parameter variations focused on end
geometry variations of Weld D3.2 and the D5 weld series., as presented in Table 17. Weld D7.1
had an additional bevel at a steeper angle and D7.2 had the bevel shoulder rounded into the OD
and ID surfaces. D7.7 differed from D7.2 by using a lower discharge speed (2,100 rpm)
combined with a higher field (360 A), while weld D7.3 used increased bevel angle and contact
width to improve the as welded profile. Welds D7.4, D7.5, D7.6, D7.8, and D7.9 were
confirmation welds using D7.2 weld parameters,

Figures 14 through 17 present macrographs of D5.4, the baseline profile, D7.1, D7.2, and
D7.3. D7.1 and D7.3 did not improve the profile while D7.2 produced a smooth weld bulge,
extending 0.075 in. beyond the OD and ID surfaces. No cracks were observed at the intersection
where the fin projects perpendicularly from the weld bulge. Similar deformations were observed
in the five confirmation welds. D7.7, which had less deformation due to the reduced discharge
speed, still had an acceptable, though lower profile, weld bulge.

Tables 18 summarize series D7 weld parameters, process parameters, and mechanical test
results. Weld D7.6 will not undergo mechanical testing as it has been saved for display, while
welds D7.8 and D7.9 have been sent out for CTOD testing.

Tensile testing is completed on Welds D7.1-3 as presented in Table 19, with results
similar to those of D3, D5, and D6 series welds: yield strength of 73 ksi and tensile strength of
82 kst.

15




Impact toughness test results are presented in Table 20. With the exception of D3, all
impact toughness specimens displayed 100% shear fracture with minimum value of 83 ft-lbs and
a mean of 95 ft-lbs. For weld D3, two of the five specimens had partial shear fracture with
minimum impact toughness of 65 ft-Ibs. The remaining three specimens had an average impact
toughness of 107 ft-Ibs, higher than any other weld of the series. This variability might be
attributed to increased interface heating, from lower initial interface pressure, and decreased
deformation, from reduced load.

Hardness test results are presented in Figures 18 and 19 for welds D7.1-5. Peak hardness
values range from 185 to 199 kg/mm?, with minimum values of 161 to 166 kg/mm?2. The HAZ
width is 10 to 14 mm wide. Compared to D5 hardness traverses, these D7.2, D7.4, and D7.5
have similar peak and minimum HV1g values, but the HAZ is slightly wider with the beveled

shoulder.

4.3.5 Series D8
Series D8 consisted of eight welds in the D material with parameter variations selected to

investigate weld bulge profile improvement with reduced energy input and the effect on
mechanical properties. Specific parameters varied were limited to the end geometry, which
includes step length, contact width, and bevel-angle, as presented in Table 21. All welds had
rounded bevel shoulders, similar to D7.2. Table 22 summarizes series D8 weld parameters,
process parameters, and mechanical test results. Weld D7.7 replaces D8.1 in the weld parameter
test matrix, as D8.1 was welded using a higher field current, 390 amps, than the remaining welds
in the series. Table 23 presents the weld parameter matrix with process parameters and CVN
resuits.

The process parameters are generally consistent with the expected response due to end
geometry changes, with increased step length, increased bevel angle or decreased contact width
increasing the workpiece resistance. The total current (TOTC) for D8.3 should be higher than
D7.7, as the wider contact width reduces workpiece resistance, raising peak current. The
deformation response (DISP1, DISP2) is consistent with the parameter variations with increased
step length, or increased bevel angle increasing displacement and increased contact width
decreasing displacement.

Impact toughness test results are presented in Table 24. Except for welds D8.5 and D8.6,
the impact toughness ranged from 36 to 120 ft-Ibs with an mean value of 91 ft-Ibs. D8.5 and
D8.6, which had low values, all less than 2 ft-Ibs, used similar weld parameters to D3.6 and
D3.8, which had low impact toughpess, mean CVN of 14.8 and 26.8 ft-1bs. respectively. These
results confirm that long, thin step geometry produces low impact toughness, as this geometry
supplies excessive heat to the weld zone. In contrast, impact toughness results for D8.7 and D8.8
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were the best for the weld series. This geometry limits the heating by increasing the cross-
sectional area of the step which reduces the current density in the step. These test results for the
DS series are similar to those of D6 series as the parameters that produce maximum and
minimum heating result in lower impact toughness. For the D6 series, the interaction between
the confact width and the field current produce better CV results when both parameters were
increased or reduced, i.e. reduced contact width and reduced field. For the D8 series, the
interaction of step length and contact width had the greatest influence on mean impact toughness
values, as shown in Table 25.
Tensile and hardness testing is in progress.

4.4 B Series Welds

4.4.1 B18 Series: Confirmation Series

Series B18 consisted of four welds in the B material produced to evaluate the response of
B material to D5 parameters. Weld parameters are presented in Table 26. Based on comparisons
between B and D welds performed with identical settings, with B welds experiencing greater
heating, B18.1 was welded using a lower discharge rpm, 2000 rpm, similar to D3.1. Heating and
deformation of B18.1 was similar to D3.1, which had insufficient upset, indicating that with D5
parameters, B material response is similar to D. The remainder of the series was welded at 2200
rpm, with responses similar to DS welds.

Impact toughness test results, found in Table 27, show mean impact toughness for series
of 71.8 ft-lbs, ranging from 53 to 86 ft-Ibs. These results demonstrate that D5 parameters
produce acceptable impact toughness in B material.

Hardness test results are presented in Figure 20. The minimum hardness for the series is
162 kg/mm?2, with no weld line hardening and average HAZ width of 10 mm. Tensile tests are
planned to evaluate the effect of HAZ softening.

Tensile test results for B18.1 and B18.2 are presented in Table 28c. Both specimens
fractured at the weld line, which is consistent with lack of weldline hardening in the hardness
tests. Tensile test results met the Hammond Criteria.

Table 28 summarize series B 18 weld parameters, process parameters, and mechanical test

results.

442 B19 Series: NDT Series
Series B19 consisted of four welds in the B material designed to simulate four possible
HPW flaws for automatic ultrasonic inspection. The welds were produced with identical weld
parameters as shown in Table 29. B19.1a had eight flat bottomed holes, with variations in depth
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and diameter, equally spaced around the circumference to simulate inclusion. B19.2 had 12 um
rungsten placed at four locations to simulate micro-inclusions, while B19.3 had 50 pjim tungsten
foil pieces place at four location to simulate a cold weld. B19.4 had oil wiped on the interface to
simulate surface contamination that might occur in industry.

Weld B19.1 was repeated following welding fixture improvements, since excessive
lateral deflection made the weld unsuitable for AUT. Following ultrasonic inspection, these
welds will be mechanically tested. Table 30 summarizes series B19 weld parameters and process

parameters.

4.4.3 B20 Series: Confirmation Series
Series B20 consisted of four welds in the B material produced to evaluate the response of

B material to D7.2 weld parameters, as presented in Table 31. Table 32 summarizes series B20
weld parameters, process parameters, and mechanical test results. B20.1 is the only weld in the
series undergoing mechanical testing, as B20.2 is saved for display along with D7.6. B20.3 and
B20.4 have been sent out for CTOD testing with D7.8 and D7.9, as arranged by CRC-Evans.

Tensile test results for B20.1 were similar to B18 welds, with a slight reduction in
ultimate tensile strength. Fracture occurred near the weld line. Impact toughness results,
appended to Table 32¢c, had parent metal values, similar to B18 series results. Hardness testing
in progress.

These mechanical test results indicate that modifying the end geometry by rounding the
bevel shoulder has a minimal effect on mechanical properties of the resulting weld, similar to the
response observed in the D material. As with the D material, rounding the bevel shoulder
produces a smooth weld bulge with a thin fin extending from the center on both OD and 1D

surfaces, similar to that shown in Figure 12.

4.5 M1 Series

Series M1 consists of two welds, one each from A and C materials, using D7.2 weld
parameters. The pipe was machined from schedule 160 (0.438 in. wall thickness) to schedule 80
(0.30 in. wall), by boring the ID. The purpose of this series was to determine if the apparent
heat-limiting characteristics of the step and bevel with high constant load parameters would
improve the mechanical properties of A or C welds. The weld parameters are presented in Table
31, along with the B20 parameters. Table 33 summarizes series M1 weld parameters, process
parameters, and mechanical test results.

Impact toughness test results, appended to Table 33c, indicate that the D7.2 weld

parameters do not improve the mechanical properties, as all specimens had low CVN values (less
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than 8 ft-1bs). Hardness test results are presented for the each material weld with those from the
PP2 weld series in Figure 21. For the A material, the D7.2 parameters widened the hardened
region around the weld line, with similar peak hardness values. For the C material, the effect
was similar, with possible reduction of peak hardness. The impact toughness of the PP2 welds,
AS5.1 and C4.1, was slightly higher with mean CVN values around 9 ft-Ibs for both material.

Tensile testing is underway.

4.6 Miscellaneous Work

Miscellaneous work undertaken during this quarter includes a study of pores observed in
the B and D materials and evaluation and modification of the welding fixture and procedure.

4.6.1 Pores in B and D Material
Jui-Fa Kuo, the material science graduate student working on the mechanical testing,

observed grain sized pores in the B and D material (Figure 22). A study was undertaken to
characterize the pores, which included a study parent metal microstructures and microstructural
variation through the weld zone. A similar study has been recommended by Dr. David Olson to
better understand the effect of the thermal cycle on the microstructure. Kuo’s study included
optical microscopy and SEM to characterize the pores. The current findings indicate that the
pores are randomly distributed throughout the parent metal and the HAZ, with little change in
shape or density. Pores were observed on the fracture surfaces of both CVN and tensile
specimens. From an SEM micrograph of a CVN fracture specimen containing shear and brittle
fracture, the site of brittle fracture initiation had a pore at its base (Figure 23). This is a

continuing study.

4.6.2 Welding Fixture Improvements

The welding fixture and the procedure for setting up a weld was examined to determine
possible causes for the lateral deformation during welding, which produced unacceptable welds.
Lateral deformation refers to the relative movement between the upper and lower pipes during a
weld, which began with the use of beveled end geometry. The direction and magnitude of the
lateral deformation was random with no apparent cause. It was observed that the lower, moving
platen could deflect under side loading, so a pair of guide blocks were installed to limit this
motion. This measure reduced the lateral deflection.

The weld set up procedure was evaluated to determine if it could be a source of
variability. With the flat end geometry and the light initial load, precise alignment of the pipe
ends was accomplished by adjusting the position of the upper platen. For each weld, the upper
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SubSea, formerly ABB AMDATA, completed testing of the welds in October, 1994 and
reported the results using C scans. They used paired 10 MHz transducers in a through
transmission mode, measuring the amplitude attenuation. The transducers were mounted in a
one-piece Lucite wedge, using built-in water columns for coupling.

WesDyne completed testing in May, 1995, and reported their results using a combination
of A and B scans. They used a UT technique designed to detect small targets that are aligned
with the weld interface and located in the weld zone. A pair of 10 MHz transducers were used in
a tandem transducer configuration, with both transducers located on the same side of the weld.
Water columns built into the one-piece wedge provided coupling. Scanning was done manually
with data collected using the Ultrasonic Data Recording and Processing System. They report
that they see “structural differences due to scattering in the weld versus the base material,” but
the exact position is not known. They recommend testing with the weld bulge removed.

Shaw Pipeline Services, a subsidiary of Guardian Hyalog, completed testing of the welds
and returned them. They manually scanned the welds using pulse echo techniques with a single
7 MHz, 12.5 mm focused transducer to interrogate the weld zone, with a scan angle set at 72°.
One defective region was found in each of the welds, all 0.75 in. or less in circumferential length.

Reported indications were plotted circumferentially for each of the contractors, as
illustrated in Figure 24. Arrows indicate discrete indications and shading indicates regions. Five
or six sectors from each weld were identified for sectioning and evaluation, including one section
with no indications. Mounted specimens will be successively ground along the circumferential
direction, in approximately 100 um intervals, to investigate microstructural changes through the
regions with indications. At each layer, specimens will be ground, polished, and etched, then

examined.

5.2 HPW Welds with Known Defects for NDT Technique Evaluation

Series B19, described in section 4.4.2, has been produced with four simulated defects:
inclusions, micro-inclusions, cold welds, and surface contamination. Defect type, size, and
location was recorded. Different materials were used to mimic each defect type. For the cold
weld, tungsten foil was selected based on its density, and melting temperature. For micro-
inclusions, 12 um tungsten powder was placed in the interface. Holes of varying diameter and
depth were used to mimic inclusions. Medium weigh oil was used to simulate typical surface
contamination.

The welds will be tested in-house using a compact automatic ultrasonic system
manufactured by WesDyne International. In-house testing will include testing with and without

weld bulge removal. WesDyne will supervise testing and review test results. Mechanical
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evaluation of the NDT results will include sectioning and metallographic inspection of all sites
with installed defects, any with defect indication from the NDT, and sites with no defects or
defect indications. These results will be correlated with the NDT results.

Testing will begin upon receipt of the AUT system.

5.3 Fall ASNT Conference

Rob Carnes and Bobby Hudson attended the ASNT Fall Conference and Quality Testing
Show in Dallas, Texas during the week of October 16-20, 1995. The short course on ultrasonic
techniques emphasized manual techniques for locating and sizing flaws. On Friday, October 20,
Frank Dodd, with WesDyne International, and Garth Prentice, with Shaw Pipeline Industries,
visited CEM and discussed automatic ultrasonic testing. Frank Dodd demonstrated the compact
automatic ultrasonic testing system which used a laptop computer to receive and display UT
scans. The manually advanced scanning head provides position information for each pulse.
Garth Prentice presented a simulation of girth weld inspection using their latest technology.

5.4 Automatic Ultrasonic Testing

Two years ago, ultrasonic testing (UT) was determined to be the best method for
inspecting homopolar welds, and automatic ultrasonic testing (AUT) was determined to be the
best implementation of UT, as it is capable of improved sensitivity and providing a permanent
record of the inspection. The cost of suitable system was in the neighborhood of 50-100K. A
cost estimate by WesDyne to inspect the four B19 welds was $7,500. Demonstration that the
AUT system had acceptable sensitivity and repeatability for qualifying the test method would
require extensive testing, possibly up to 100% testing as the process prepared for meeting
acceptance criteria.

Based on the performance of WesDyne’s compact AUT system, it was determined that
purchasing such a device would meet the AUT needs of the research project, and at a total
system cost under 20K would ultimately save the project money after three in-house tests.
Having the system at CEM would permit the research staff to develop expertise in AUT in
preparation for welding 12 in. pipe. The scanning head can be adapted to 12 in. pipe.

Frank Dodd suggested that data files could be transferred between CEM and WesDyne
using the Internet, allowing WesDyne to supervise AUT performed at CEM. This relationship
would shorten the learning curve on use of the AUT system and enable CEM to benefit form

WesDyne's breadth of experience, while saving travel and lodging expenses.




6. 12 inch PIPE WELDING FIXTURE

Bob Carnes, Bobby Hudson and Ben Rech went to Houston Tuesday, the 28th of
November to confer with Brian Laing, Paul Tewes, and other members of the CRC-Evans design
team. That team has done considerable work on the design of a fieldable homopolar welding
fixture, and CEM wanted to be sure that any good ideas that were generated could be, and would
be incorporated in the twelve-inch lab fixture. Brian had also indicated that CRC stood ready to
help in the areas of design, drafting and documentation, and they hoped to set up a protocol for
making use of those services.

Plans are being generated that have the fabrication of the fixture underway in the
February-March time frame, and making the first weld in November.

7. PLANNED 4th QUARTER ACTIVITIES

During the fourth quarter, planned activities include performing a misalignment series,
performing some sensitivity studies on several weld parameters, and optimizing the weld
parameters. AUT should begin this quarter upon receipt of the WesDyne Systemn, permitting
testing of the B19 series. Mechanical testing underway should be completed and the Round
Robin NDE series metatlurgical study should be completed.

The misalignment series will be designed to provide information about process sensitivity
to misalignment. This series will provide tolerancing information for design of the 12 inch
fixture. Types of misalignments include radial of transverse, axial angular, and contact
uniformity. Contact surface waviness and roughness will also be investigated as they relate to
contact uniformity.

Weld parameters under investigation this quarter may include bevel shoulder radius, field
current, and radial position of step between OD and ID surfaces. This last parameter will
investigate the effect of step location on 1D weld bulge.

8. FINANCIAL STATEMENT

8.1 Financial

The balance sheet through the end of October is attached as Table 34. We have been
spending at minimum levels since mid-summer in an attempt to CONSErve Our resources. During
November, we encumbered the consultation fee of Dr. Olson at $75 per hr, twelve hours per

23




week, and we have authorized expenditure of approximately $20,000 for the ultra-sonic
equipment from WesDyne. According to Dr. Charles Smith, the funds from the MMS will not
be forthcoming until January. They will be used for the twelve-inch fixture in any case, but the
situation makes it imperative that we get the next year’s funding in on time to maintain even the

current low level of basic investigation.

Outside Funds:

As revealed in earlier letters, the good news is that the MMS and the DOT have decided
to help us with some funding for the design and construction of the twelve-inch fixture. There is
currently authorization for $150,000 of the $200,000 requested, but there is a possibility that, that
can be plussed up. Dr. Smith of the MMS will be in attendance at our December 1 meeting.

Our bid for DeepStar money was unsuccessful, as was our proposal to the ATP. 1 have
heard various opinions about why that was so. We did not have enough votes to get our
DeepStar proposal out of the committee responsible for recommending it, and possibly we were
asking for a higher level of funding than they were able to commit. There is never any reason
advanced for why one does not get the state’s research funds, as nobody seems to be sure how
the decisions are made. They did say that we ranked high enough to qualify for the funding,
however.

Steve Nichols and Bob Carnes attended the recent Deep Offshore Technology
Conference in Rio de Janeiro and made contact with representatives of Conoco, Chevron, and
Petrobras. One of the subjects Bob Carnes will cover at the December meeting will be the

handling of the penalty and late joining fees of any companies secking to join.
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TABLE 1. MILL TEST REPORT DATA

3 inch nominal (3.5 in. OD) API SL Carbon Steel Linepipe

WELD PREFIX CODE

A B C D
SUPPLIER Dixie Pipe | Prudential | Lone Star Nippon
APl 51. GRADE X52 X60 X52 Xe6s5
WALL THICKNESS 0.438 0.300 0.438 0.315
TYPE seamless ERW ERW seamless
quenched
HEAT TREATMENT Hot rolled | controlled | normalized and
(not on mill test report) rolled tempered
LADLE CHEMISTRY
C 0.23 0.13 0.11 0.08
Mn 1.04 0.65 1.13 1.29
P 0.010 0.005 0.014 0.011
S 0.009 0.004 0.005 0.002
Si 0.22 .28 0.19
Al 0.042 0.037
Cr 0.03 0.073
Mo 0.01 0.028 0.22
Ni 0.01 0.07
Cu 0.02 0.13
Cb 0.18 0.034 0.032
Ca 0.0048 0.0026
Ti 0.008
\% 0.08 0.040
B 0.0003
0.035 Ti-Al
W Ceq 0.42 0.23 0.34 0.34
Yield Strength (ksi) 66.0 79.5 59.5 716 *
Tensile Strength (ksi) 94.4 86.1 79.5 80.7 *
% elong in 2 in. 30 22 37 266 *
Vickers Hardness 193.2 181.9 171.0 185 *

(kg.mm?)
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TABLE 2. SERIES D3 WELD PARAMETERS
D3.1 - 2,000 rpm
D3.2 - 2,200 rpm

60 kip constant load
330 amp field

D3.3 - 2,000 rpm
D3.4 - 2,200 rpm

60 kip constant load
330 amp field

P3.5-2,600 rpm
D3.6 - 2,200 rpm

60 kip constant load
330 amp field

010" a0
- R

D3.7 - 2,000 rpm
D3.8 - 2,200 rpm

60 kip constant load
330 amp field

|
|
1

D3.2 Weld parameters used for D5 and B18 Confirmation Series parameters.
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TABLE 3. SERIES D3 TENSILE TEST RESULTS

Specimen| YP UTS %
{ksi) (i) elong

D3.1a 74.2 34.6 27.5 PM fracture
D3ib 63.8 §3.7 26,0 PM fracture
D3.2a 72.5 824 29.0 Fracture near gage marks
pP32h 74.6 83.1 250 HAZ fracture
D33a 73.2 82.3 23.8 Fracture near gage marks
D3fa 72,7 82.9 238 PM fracture
D35b 726 82.6 26 PM fracture
D36a 735 | 828 } 275 HAZ fracture
N36h 72.9 82.6 26.0 PM fracture
D38a 73.3 328 2.8 HAZ fracture

D38 b 71.6 81.6 28.5 PM fracture

All specimens displayed ductile fracture surface.
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TABLE 4. SERIES D3 CVN RESULTS

Test Temperature 0°C
Reported values for half size specimens.
WELD# | CYN# ] fi-lbs % shear WELD# | CUN# | fi-lbs % shear
D3.1 1 85 100% D315 1 86 100%
2 64 70% 2 76 100%
3 65 60% 3 82 100%
4 59 30% 4 91 100%
5 60 60% 6 59 50%
min. £9 min. 59
mean 66.6 mean 78.8
max. 85 max. 91
D32 1 95 100% D3.6 1 64 50%
2 88 100% 2 2 0%
3 108 100% 3 2 0%
4 73 60% 4 2.5 0%
5 90 100% s 35 0%
min. 73 min. 2
mean 9{.8 mean 14.8
max, 108 max. 64
D3.3 1 79 100% D3.7 1 15 0%
2 93 100% 2 5 0%
3 56 60% 3 3 0%
4 83 100% 4 2.5 0%
6 93 100% 5 92 100%
min. 56 min, 2.5
mean 80.8 mean 23.5
max. 93 max. 92
D3.4 1 79 100% D3.8 1 25 0%
2 87 100% 2 5.5 0%
3 82 100% 3 54 0%
4 89 100% 4 42 20%
8 6 30 10%
min. 79 min. 2.5
mean 84.3 mean 26.8
max. 39 max. 54
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TABLE 6. D3 SUMMARIES

a. D3 Series Weld Parameters
Weid No | Step Contact | Bevel | Special RPM Field Load1 Load2
Length width Angle [Geomelry {amp) {(kip) {kip}
{inch) | (inch) )
D3.1 0.05 0.1 30 none 2000 330 60 60
D3.2 0.05 0.1 30 none 2200 330 &0 60
D3.3 0.05 0.1 45 none 2000 330 60 80
D34 0.05 0.1 45 nona 2200 330 60 60
D35 0.1 0.1 30 none 2000 330 60 60
D3.8 0.1 0.1 30 none 2200 330 60 80
D3.7 0.1 0.1 45 none 2000 330 60 60
D38 0.1 0.1 45 none 2200 330 60 60
b. D3 Series Process Parameters
ey e ey ey
eld No] TOTC | Time | INTV | Time | TCIF | Time Dispt| time Disp2
{ (kA) | [totc] (v} | [intv] | (°C) | [tcif] | (min | [disp1} { (mi)
{sec) {sec} {sec) {sec)
D31 188.5 0.102 110081 0.118 | 6079 25 71.5 0.345 97.5
D3.2 207.9 0.102 | 1.087 0.11 803 3.03 835 85 155
Dag 185.9 .11 1.012 ] 0.125 593 3 161
D34 2.6 0.102 1.135 a1 722 272 121.4 0.44 257
D3.5 178 0.102 1397 | 0.133 630 2.5 180 05 205
D36 195.8 0.086 1.57 0.118 844 3.1 192 05 270
D3.7 186.4 0084 ]1.485} 0.118 656 2.7 217 0.53 253.7
D38 194.8 0.004 | 1585 0.118 802 3.1 228 05 320.7
c, P3 Series Mechanical Test Results
! Weld [Act. Disp] CVN [CVNmin} YS TS %EL HV 10 |[HAZ width
No {inch}) mean (it-Ibs) {ksl) {ksi} HAZ min. {mm)
(ft-Ihs) (kg/mm2)
D31 | 0124 | 66.6 59 69 84.15 | 26.75 175 8
D3.2 0.2 a0.8 73 73.55 82.75 27 165 12
p3.3 0177 gosa 56 73.2 82.3 235 172 &
D34 (.283 843 78 186 12
D3.5 0.234 78.8 59 72.6 82.75 24.9 172 &
D3.6 0.312 14.8 2 73.2 82.7 26.75 165 12
D3.7 0.287 235 25 170 7 il
D38 0.358 26.8 25 72.45 814 28 165 10
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TABLE 7. JIPD3 SERIES RESULTS

WELD NO.

TOTC (KAYTIME (sec)

INTV {V)/TIME (sec)

TCIF (°C)/TIME (sec)

DISP1 (mll)/TIME (sec)

DISP2 (mil)/TIME (sec)
ACT. DISP (inch)
CVN MIN (ft-Ibs)
CVN MEAN (ft-bs)
CVN MAX (ft-Ibs)

WELD NO.

TOTC (KAYTIME (sec)

INTV (V)/TIME (sec)

TCIF (°C)/TIME (sec)

DISP1 (mil)/TIME (sec)

DISP2 (m)/TIME (sec)
ACT. DISP (inch)
CVN MIN (ftibs)
CVN MEAN (ft-Ibs)
CVN MAX (ft-1bs)

WELD NO.
TOTC (KAYVTIME (sec)
INTV {V}TIME (sec)
TCIF {°C)/TIME (sec}
DiISP1 (mH)/TIME (sec)
DISP2 (mUyTIME (sec)
ACT. DISP {inch)
CVN MIN (ft-lbs)
CVN MEAN (it-ibs)
CVN MAX (ft-ibs)

WELD NO.
TOTC (KAYTIME (sec)
INTV (V)/TIME {sec)
TCIF (*CYTIME (sec)
DISP1 (mN)/TIME (sec)
DISP2Z (mily/TIME (sec)
ACT. DISP ({Inch)
CYN MIN (it-Ibs)
CVN MEAN (ft-Ibs)
CVHN MAX (ft-lbs)

STEP LENGTH 0.05" 0.1"
BEVEL ANGLE M
30° D3.1 D3.5 2000
189.5 0.094 178 0.102
1.008 0.118 1,397 0.133
607.9 2.5 630 2.5
71.5 0.345 180 0.5
87.5 3 205 3
0.124 0.234
59 59
66.8 78.8
85 91
D3.2 D3.6 2200
207.9 0.102 195.8 0.086
1.087 0.11 1.57 0.118
803 3.03 844 3.1
83.5 0.5 192 0.5
155 3 270 3
0.2 0.312
73 2
90.8 14.8
108 64
45° D3.3 D3.7 2000
185.9 0.11 186.4 0.094
1.012 0.125 1.485 0.118
593 3 656 2.7
115 0.48 217 0.53
161 3 253.7 3
0.177 0.287
56 2.5
80.8 23.5
93 g2
D3.4 D3.8 2200
201.6 0.102 194.8 0.094
1.135 0.11 1.565 0.118
722 2.72 862 3.1
121.4 0.44 228 0.5
257 3.5 320.7 3
0.293 0.358
79 2.5
84.3 26.8
89 54
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TABLE 8. D5 SUMMARIES

a. D3 Series Weld Parameters
Weld No | Step | Contact | Bevel | Special | RPM Field
Length width Angle |[Geometry {amp}
{inch) (inch} *}
D5.1 0.05 0.1 30 none 2200 330
D5.2 0.05 0.1 30 nong 2200 330
D5.3 0.05 0.1 30 none 2200 330
D5.4 0.05 0.1 30 none 2200 330
D5s.5 .05 0.1 30 none 2200 330
D5.8 0.05 ____0.1 30 ] none 2200 330 60 60
b. D5 Series Process Parameters
Weid No| TOTC | Time INTV | Time | TCIF Time Disp1i time | Disp2
(kA) | ftote] | (v) [ Dntv] | (°C) | [teif] | (mil) [[disp1]] (mil)
(sec) {sec) {sec) (sec)
D5.1 186.35] 0.1 1.077 0.11 765 2.94 89 0.44 155
Ds.2 209 0.102 | 1.085 | 0.102 768 2.565 92 05 158 3.31 }I
P53 2010561 0.102 | 1082 0.11 765 2.94 86.74 0.44 | 168.1 4.44 "
D5.4 2016 .11 1105 | 0117 768 2.75 9216 J10.5351159.38] 294
D55 202865 0.102 1,08” 0.1 772 2.875 86.74 047 | 15828 | 3.125 u
D5.6 2016 | 0.125 | 1.067 0.11 758 2.905 8782 | 0.405 | 151.79 ] 3.345 "
c. DS Series Mechanical Test Resulis o
Act. Disp [CVN mean] CVNmin. | YS TS | %EL | HV10 | HAZ
{inch) (ft-Ibs) {ft-Ibs) {ksi) (ksi) HAZ min. | width
(kg/mm2} | (mm)
D51 0.188 108.2 a9 165 15
D5.2 0.184 106.2 70 72.73 81.65 29 160 12 "
D5.3 0.206 106.6 a3 67.16 76.58 25 163 11
D5.4 0.2 858 72.5 165 11 H
D5.5 0.195 88.6 61 160 12
D56 0.187 103.8 94 72.59 81.88 25.5 160 11
i e e T e ettt




TABLE 9. SERIES D5 TENSILE TEST RESULTS

Specimen|{ YP | UTS| % comments ) 1
(ksi) | (ksi) | elon

D52 72.73 1 8165 | 29 PM fracture

Il D53 67.16 | 76.58 25 PM fracture

ﬁ D56 | 72.59 | 8188 | 255 PM fracture

All specimens displayed ductile fracture surface.




TABLE 10. SERIES D5 CVN RESULTS

Test Temperature 0°C

Reported values for half size specimens.

|

ft-1bs

{

|

WELD# CVN

%shear

- WELD# | CYN . fi-lbs

. %shear

Ds.1

104

100

D5.4 80

100

110

100

72.5

g0

99

100

86

100

106

100

89

O o | I | e

100

(LR -SE L S R

122

100

102

100

| min, |

99

' min. | 72.5

mean |

108.2

mean 85.9

s max. |

122

max. | 102

|

D5.2

|
;

70

D55 S

100

115

100

§100

100

122

100

90

100

124

100

61

50

LR -NEP R S

100

100

G 1D e

87

100

. min.

70

61

' mean

106.2

mean 86.6

max.

124

max. . 100

D53

96

100

D5.6 106

118

100

94

102

100

116

93

100

" oa

LU ER - AT RS o A E

124

100

Gy din i Gad Do | et

108

" min. |

93

min. | 94

‘mean |

106.6

'mean. 103.6

124

116 |

" max. |

. max. |

| Series D5 . min, |

61

‘mean | 99.51667

124

i - max. |

34




TABLE 11. SERIES D6 WELD PARAMETERS

D6.1 - 300 Amp Field
D6.2 - 360 Amp Field

60 kip constant load

2,200 rpm

D6.3 - 300 Amp Field
Dé6.4 - 360 Amp Field

45 kip constant load

2,200 rpm

D6.5 - 300 Amp Field
D6.6 - 360 Amp Field

60 kip constant load

2,200 rpm

0.300°

30°
W ] 0.30"

0.075" 0.075"

D6.7 - 300 Amp Field
D6.8 - 360 Amp Field

45 kip constant load

2,200 rpm

i o1

l 0.15- ! l

0.075° 0075~




TABLE 12. D6 SUMMARIES

a. D6 Series Weld Parameters
Weld No Step Contact Bevel _S'pec¥al RPM Field fLoad 1 Load 2
Length width Angle |Geometry {amp} {kip} {kip)
{inch) (inch) {°}
D6.1 0.05 0.1 30 none 2200 300 60 60
D6.2 0.05 0.15 30 none 2200 360 60 60 !
D6.3 0.05 0.1 30 none 2200 300 45 45 I
D64 0.05 0.15 30 none 2200 360 45 45
D&.5 0.05 0.1 30 none 2200 300 60 60
D6.6 0.05 0.15 30 none 2200 360 80 80
D6.7 0.05 0.1 30 nona 2200 300 45 45
D6.8 0.05 0.15 30 none 2200 g_fi_gw 45 45 |
b. D6 Series Process Parameters
Weld No | TOTC | Time | INTV | Time | TCIF | Time | Disp1] time Disp2 | time
(kA) | ftotc] | (v) [ Dintvl | (°C) | [teif] | (mif} | [disp1] | (mil) | [disp2]
{sec) (sec) (sec) (sec) (sec)
D6.1 192851 0.118 | 1.035 | 0.118 747 13065 | 888 0.505 148.5 4.03
D6.2 | 216.3 | 0.094 | 1,187 | 0.102 | 779 12655/98.66] 0.125 | 1745 | 4.03 |
D6.3 194.25 1 0.109 | 1.115 | 0.125 795 294 | 872 0.5 124.7 3.31
D6.4 2147 |1 0.084 | 1.222 | 0.102 765 2097 | 888 0.28 129 2.845 “
be.5 197.4 0.1 0.885 | 0.211 697 3.53 52 0.595 95.4 3.28
D6.6 224151 0.1 1.022 | 0172 729 2.845 1 5613 | 0.405 |116.01] 2.855
D6.7 187.4 0.11 10.8025 0.218 705 13.125 ] 48.79 0.5 71.56 | 2.875
D&.8 220.5 0.1 1.032 | 0.188 753 | 2845 | 47.7 0.28 82.4 2.625 u
C. D6 Series Mechanical Test Results
Weld No | Act. CVN [CVNmin. ¥S TS %EL HY 10 [HAZ width
Disp mean {ft-Ibs) {ksi) {ksf} HAZ min. {mm)
{inch) | (ft-ibs) {(kg/mm2}
6.1 0.182 104.6 86 71.73 81 24.5 170 9
Ds.2 0.209 102.4 g2 72.95 81.88 235 167 11
D6.3 0.15 110.75 97 72.84 81.71 27.5 167 10
D&.4 (.168 a1 60 72.59 81.88 29 167 11
D&.5 0.128 84.4 58 73.83 83.57 25 171 9
D&.§ 0.155 9% g0 7275 81,78 24 172 10
ps.7 0102 41.8 7 73.58 82.69 255 171 10
D6.8 0.177 70.8 48 73.61 82.01 255 168 10
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TABLE 13. D6 SERIES RESULTS

WELD NO.

TOTC (kAYTIME {sec)
INTV (VYTIME (ssc)
TCIF (*CYTIME (sec}

DISP1 (mIYTIME (sec)

DISP2 (mUYTIME (sec)

ACT, DISP {Inch})
CVN MIN (#-ibs)
CVN MEAN (#t-1bs)
CVN MAX {ft-lbs}

WELD NO.

TOTC (kAYTIME {sec)
INTV (VYTIME (sec)
TCIF {"C)/TIME {sec)

DISP1 (mI)/TIME (sec)

DISP2 (mliyTIME (sec)

ACT. DISP {inch)
CVN MIN (ft-ibs)
CVN MEAN (#i-bs)
CVN MAX (ft-lbs)

WELD NO.

TOTC (KA)YTIME (sec)
INTV (VH/TIME {sec}
TCIF (°CYTIME {sec)

DISP1 (mHYTIME (sec)

DISP2 (mil)/TIME (sec)

ACT. DISP (Inch)
CVN MIN (ft-ibs}
CVYN MEAN (R-Ibs)
CVYN MAX (fi-lbs)

WELD NO.

TOTC (KAYTIME (sec)
INTV (V)/TIME (sec)
TCIF (°CYTIME {sec)

DISPY {miyTIME (sec)

DISP2 (mIl/TIME (ses)

ACT. DISP (inch)
CVN MIN (fi-tbs)
CVN MEAN (fi-lbs)
CVN MAX (ft-ibs)

Contact .. "
Width 6.100 0.150
LOAD FIELD
80 KIP Ds&.1 D6.5 300
192.65 0.118 187.4 .1
1.035 0.118 0.885 0.211
747 3.0865 697 3.53
88.9 0.595 52 0.585
148.5 4.03 85.4 3.28
0.182 6.126
886 58
104.6 64.4
120 71
D6.2 D6.6 360
216.3 0.094 224,15 0.11
1.187 0.102 1.022 c.172
779 2.655 729 2.845
98.66 0.125 56.13 0.405
174.5 4.03 116.01 2.855
0.209 0.155
32 80
102.4 99
110 108
45 KIp D6.3 De.7 300
194,25 ¢.109 197.4 0.11
1.115 3.125 0.9025 0.219
785 2.94 705 3.125
87.2 0.5 48.75 0.5
124.7 3.31 71.56 2.875%
t.15 0.102
a7 7
110.75 41.8
120 67
D6.4 Dé6.8 380
214.7 0.094 220.5 a.11
1.222 g.102 1.032 G.188
765 2.97 753 2.845
88.9 0.28 47.7 0.28
128 2.845 B2.4 2.625
G.166 0177
60 48
g1 70.8
107 100
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TABLE 14. SERIES D6 CVN RESULTS

Test Temperature 0°C
Reported values for half size specimens.

. WELD# | CVYN# | ft-lbs | % shear _WELD# | _CVN# | ftlbs | % shear |
D6.1 i 115 100  D6s 1 6 &0
2 94 100 2 71 70
3 8 | 100 3 66 60 |
4 108 100 4 62 60
5 120 100 6 58 50 |
min, 86 min. | 58 !
mean | 104.6 mean 644
max. 120 max. 71
D6.2 1 100 100 D66 1 109 100 |
2 106 100 2 90 100
L3 92 100 3 98 100
4 116 | 100 4 96 100
5 104 | 100 5 1 102 100
min, 92 min, | 98
mean | 1024 mean | 99.0 )
max. 110 max, 109 |
|
D63 1 97 100 __D6.7 1 34 20
2 60 1 2 67 60
3 120 | 100 | 3 84 50
4 112 | 100 4 47 35
6 114 100 5 .7 0
min. 97 min. | 7
mean | 110.75 mean 41.8
| max, 120 max, | 67
| | |
! ! : N
D64 | 1 107 | 100 D6.8 11 48 | 40
2 90 100 2 | 82 30
3 9 100 3| 94 100
4 60 | 40 4 100 100
5 102! 100 6 . 60 50
|
__min, &0 min, 48
_mean 91 mean . 70.8
|__max. 107 max, | 100 |
| D6 Series |_min. | 7 T
' mean 85.6 | ,
[__max, 120 e
|
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TABLE 16. SERIES D6 TENSILE TEST RESULTS

W
Specimen} YP |UTIS| % comments
(ksi) | (ksi) | elong

D61 71.73 81 24.5 PM fracture
D6.2 7295 | 81.88 23.5 PM fracture
D63 7284 1 81.71 27.5 PM fracture
D64 72.59 | 81.88 29 PM fracture
D6.5 7383 | 8157 25 PM fractare
D6.6 7275 | 81.75 24 PM fracture
D67 7358 | B2.69 | 255 PM fracture

il

Dé.8 73.61 { 82.01 | 25.5 PM fracture i




TABLE 17. SERIES D7 WELD PARAMETERS

D7.1

2,200 rpm
60 kip constant load
330 amp field

D7.2,D7.4, D75,
D7.6,D7.8,D7.9

2,200 rpm
60 kip constant load
330 amp field

D7.3

2,200 rpm
45 kip constant load
330 amp field

D7.7
2,100 rpm
60 kips constant load
360 amp field

it This weld used as first weld in D8 weld series,

Same Geometry
as D7.2

41




TABLE 18. D7 SUMMARIES

D7 Series Weld Parameters

s e bt sy
Step Contact | Bevel | Special RPM Field Load1 | Load2
Length width Angle [Geometry {amp} {kip} {kip)
(inch) {inch) {*)
0.05 0.1 30 2nd bevel 2200 330 60 60
0.05 0.1 30 |.09Rshidr| 2200 330 60 60 |
0.05 0.15 45 none 2200 330 45 45
0.05 0.1 30 D8R shidr| 2200 330 &0 60 H
D7.5 0.05 0.1 30 O9R shidri 2200 330 60 &0
D7.6 0.05 0.1 30 T.09Rshidr| 2200 330 60 60 "
D7.7 0.05 0.1 30 J.09R'shidT[ 2100 360 60 80 i
D7.8 0.05 0.1 30 D8R shidr} 2200 330 60 60
| pre 0.05 0.1 30 |.09Rshidr| 2200 330 60 60 "
b. D7 Series Process Parameters

eld No| TOTC | Time | INTV | Time | TCIF | Time | Dispi | time | Disp2 | time |
(kA) | ftote] | (v | fintv] | (°C) | fcif] | (mil) |[disp1]| (mil) |[disp2]
{sec) {sec) (sec) (sec) {sec)

D7.1 1874 | 0.094 | 1.092 0.1 735 297 | 9433 | 0.405 | 189.5 | 2845
D7.2 1209.45| 0.094 | 1.157 | 0.102 811 2.78 |96.498 | 0.405 {211.43] 2.655
D73 1204751 011 |0.9625| 0.203 816 | 3.065 § 60.7 | 0.405 | 10626 | 2.815

D7.4 209 0.094 | 1142 | 0.102 790 2815 196,498 0.315 | 202 2.69
E D7.5 (20885} 0,125 | 1.195 | 0.102 821 2815 |1 1019 | 0.315 | 1962 | 2.69
g D76 | 2105 | 0.102 | 1.14 8.102 781 2815 | 93.24 | 0.375 182 2.89
g D7.7 121575 0.086 | 1.167 | 0.102 691 253 | 9649 | 0.345 | 159.4 | 2.405
|

D78 2105 | 0.102 | 1.127 .11 763 2905 | 878 | 0375 | 1826 | 2.78 ;
b7.9 na na - - - - - - - - ;f;

— -

D7 Series Mechanical Test Results

SR Y

CVN  ICVN min. YS TS %EL HV 10 |HAZ width
mean {ft-1bs) (ksi) (ksi) HAZ min. {mm)
(ft-1bs}) (kg/mm2)
893 86 72.92 81.46 275
D7.2 0.259 80.8 83 73.67 82.15 225
D7.3 0.14 91.6 85 72.8 82.92 23
E D74 | 0248 | 1016 90
D75 0.241 91.8 87
D76 .23
D7.7 0.196
D7.8 0.205
i D7.9 0.217 _ _
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TABLE 19. SERIES D7 TENSILE TEST RESULTS

e
Specimen| YP | UTS
(ksi) | (ksi)
D7.1 7252 | 8146 | 27.5 PM fracture
D7.2 7367 { 8215 | 2258 PM fracture
D7.3 729 | 8292 | 230 PM fracture
All specimens displayed ductile fracture surface.
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TABLE 20. SERIES D7 CVN RESULTS

Test Temperature §°C Reported values for half size sgecimeus.
WELD# CVN  ftlbs | %shear | WELD# [ CVN| ft-lbs | %shear
| D71 1 104 100 D7.4 1 106 100
| 2 86 100 2 101 100
3 101 100 3 90 | 100
4 104 100 4 100 100
5 88 100 5 111|100
min. | 86 min. | 90
mean 93 mean: 101.6 |
max, 104 max. ! 111 ‘
i i i |
|
D7.2 1 84 100 D?7.5 1 96 100
2 83 100 2 94 | 100
3 90 100 3 92 100
4 104 100 4 87 100
§ 5 92 100 5 90 | 100
i | |
| min, 83 ; min, 87
mean | 90.6 mean: 91.8
max. 104 max. 96
D73 | 1 72 40 D7.7 1 117 100
2 114 100 3 87 100
3 113 100 5 95 100
| 4 94 100
5 65 40
|
. min. 65 | min. 87
mean, 916 mean| 997 |
| max. 114 ? max. 117
i |
! ! :
i Series D7  min. 65 | i
mean 944 | B
max., 117 ! B




TABLE 21. SERIES D8 WELD PARAMETERS

Discharge Speed 2,100 rpm

Field 360 amps Electrode Gap 2 inch
Load 60 kips constant Wall Thickness 0.30 in.
D77 D85

¥ RO9 300 RO 3¢

1'—"|

D8.2 D8.6
!
05 |
§ RN R.11
T AN /i
i
P S—— 05
| ' ——-—1~—;-E M——m
D8.3 D8.7
E | P
05 : 05 |
Y [R.09 jsﬁ é Yy R.09
15—|t-m] i ; i
T s 151
o o
I

D84 | D8.8

.05§ ‘ ! 05=

15 i .qs 1s ’ T

i

Note: Weld D8.1 was welded with field current of 390 amps, which is the only difference from

other welds in series. D7.7 used in place
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TABLE 22. D8 SUMMARIES

a. D8 Series Weld Parameters
I‘vTeia No| Step | Contact] Bevel | Special | RPM Field | Load1 | Load 2
Length width Angle |Geometry {amp} (kip} (kip}
{inch} {inch) 3}
D8.1 0.05 0.1 30 | .O9Rshidr| 2100 360 60 60 |l
D7.7 0.05 0.1 30 08R shidr| 2100 360 80 60
£8.2 0.05 0.1 45 JdtRshidr] 2100 360 60 60
b&.3 0.05 0.15 30 | .06Rshidr] 2100 360 60 &0
Ds.4 0.05 0.15 45 1R shidy 2100 360 &80 60
D8.5 0.1 0.1 30 |.09Rshidr| 2100 360 60 60 |
D8.6 0.1 0.1 45 A1Rshidrt 2100 360 60 60
D8.7 0.1 0.15 30 L8R shidr] 2100 380 60 60
D8.8 | 0.15 45 1R shldrri 2100 360 60 60
b. D8 Series Process Parameters
eid Noj TOTC | Time iINTV Time | TCIF | Time | Dispi1 | time Disp2 time
! (ka) | [totc] V) [intv] | (°C) | [tcif} | (mil) |[[dispi]| (mil) | [disp2]
{sec) (sec) {sec) {sec) (sec)

D81 |215.76)] 0.086 | 1.187 | 0.102 691 253 1 865 | 0.345 | 159.4 2.405
D7.7 215675} 0.086 | 1.167 | 0.102 691 253 | 96.49 | 0.345 | 1584 2.405
D8.2 | 2157 | 0.094 1.21 0.102 641 25 136.6 0.5 151.9 2.375
D8.3 212 0.11 0915 | 0196 | 629 (2405 553 | 0435 97.6 2.185
D84 219957 011 | 09725 | 0.18 645 244 |1 7372 | 0435 | 1193 2.22
D85S | 203.7 | 0.094 | 1.577 | 0.118 676 2875} 2027 | 044 256.9 2.75
D8.6 201 0.094 | 1587 | 0.118 713 3.2 | 233.1 0.47 2971 3.155
D87 | 2163 | o.M 1.165 0.18 681 |2595] 150 053 | 192,99 | 2.405 |
D88 | 2121 | 6.102 | 1.185 | 0.188 675 [ 25685 177.8 | 0.78 2125 2375

C. D8 Series Mechanical Test Results o

eld No| Act. [CVN mean|CGVNmin.] YS TS %EL | HV 10 [HAZ width
Disp | (f-Ibs) | (f-ibs) | (ksh) (ksi) HAZ min. | (mm)
(inch) {kg/mm2)

D81 | 0.196

D7.7 | 0.196

D82 | 0.234

D83 | 0.132

D84 | 0.155

D85 | 0.288

D86 | 0.333

D87 | 0229

D88 | 0.248
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TABLE 23. JIPD8 SERIES RESULTS

Weld Parameters R 2100
Field ise Amp
Load 60 kip
Eiectrode Gap 2 inch
STEP LENGTH 0.05" a.1"
CONTACT BEVEL
WIDTH ANGLE
WELD NO. 0.1 D7.7 D8.5 30°
TOTC (KA)TIME (sec) 215.75 0.088 203.7 0.004
INTV (VY/TIME (sec) 1.167 0,102 1577 ¢.118
TCIF (°CYTIME {sec) £91 2.53 676 2.875
DISP1 {mil)/TIME (sec}) 96.5 0.345 202.7 0.44
DiSP2 (mil}/TIME (sec) 159.4 2.4085 256.9 2.75
ACT. DISP (inch} 0.1986 0.288
CVN MIN {ft-lbs)} a7 0
CVN MEAN (ft-ibs) 890.7 0.83
CVN MAX (ft-Ibs) 117 2
| |
WELD NO, D8.2 D8.6 45¢°
TOTC (kAYTIME {sec) 215.7 0.084 201 0.084
INTV (V/TIME (sec) 1.21 0.102 1.597 0.118
TCIF (°C)/TIME {sec) 641 2.8 713 3.2
DiSP1 (mily/TIME (sec) 136.6 0.5 233.1 0.47
DiSP2 {mil}TIME (sec) 191.9 2.375 297.1 3.1885,
ACT. DISP {inchj 0.234 £.333
CVN MIN (ft-dbs) 36 Y
CVN MEAN (it-ibs) 70 0
CVN MAX (it-ibs) 8]9 (])
WELD NO. 0.18 D8.3 D8.7 30°
TOTC (KANTIME (sec) 212 0.11 216.3 0.11%
INTY (V)/TIME (sec) 0.915 0.1986 1.165 0.18
TCIF (*CY/TIME {sec) 629 2.405 681 2.595
DISPt [mil)/TIME (sec) 55.3 0.435 150 0.53
DISP2 (mil)/TIME {sec) 897.8 2.185 182.99 2.408
ACT. DISP (inch) 0.132 G.229
CVN MIN (ft-dbs) 64 85
CVN MEAN (ft-ibs) 90.3 98.7
CVN MAX (ft-Ibs) 108 1[20
|
WELD KO, D8.4 D8.8 45°
TOTC {KAYTIME (sec) 216.85 0.11 2121 0.162
INTV (VY/TIME (sec) 0.8725 0.18 1.185 0.188
TCIF *CYTIME (sec) 645 2.44 675 2.565
DISPt (mil)/TIME {sec) 73.72 0.435 177.8 0.78
DISP2 {mil)/TIME (sec) 119.3 2.22 212.8 2.375
ACT. DISP {inch) G.155 0.248
CVN MIN (it-lbs} 61 97
CVN MEAHN (fi-lbs} 75.7 108
CVN MAX {ft-1bs) 23 115

4/




TABLE 24. SERIES D8 CVN RESULTS

Test Temperature 0°C
Reported values for half size specimens.
WELD# | CVN# ft-ibs % shear WELD# | CVN# | ft-ibs “% shear
D8.1 1 126 100 D8.5 1 2 0
3 86 100 3 2.5 0
5 108 100 6 0 0
min. 86 min. 0
mean 103.7 mean .83
max. 120 max. 2
D8.2 1 36 30 D8.6 i 0 0
3 85 100 3 1] 4]
5 89 100 5 0 0
min, 36 min 0
mean 70 mean 0
max. 89 nmax. g
D8.3 i 64 60 D3.7 1 91 100
3 142 100 3 85 100
6 108 100 5 120 100
min, 64 min.
mean 90.3 mean
max, 165 MmAax,
D8.4 1 73 75% D8.8 1 115 100
3 61 60% 3 112 100
5 93 100% 6 97 100
min. 61 min 97
mean 75.6 mean 108
max. 93 max. 115
D8 Series min. 0
mean 68.4
max. 120
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TABLE 26. SERIES B18 WELD PARAMETERS

—

B18.1 - 2,000 rpm

60 kip constant load
330 amp field

10 [ Rlre

B18.2, B18.3, B18.4 - 2,200 rpm

60 kip constant load
330 amp field




TABLE 27. SERIES B18 CVN RESULTS

Test Temperature 0°C

Reported values for half size specimens,

WELD CVN# ft-lbs % shear comments
e u
i e 1
e |
ll ﬂ 3 73 100 g H
= ﬁ : |
H B18.2 n 1 76 100 g
ﬂ p) 72 100 " i
i 3 65 u 100 " it
I« 73 100 |
e |
Ee i "
B18.3.1 " 1 75 100
2 78 [ 100
" H .i
f 5 61 100 i
H H E 64 " 100 1] Extra Specimen, CVN value not included in J
mean calculation
ain # 6230 g u u
mean o
H max. 73 i
B18.4 1 ” 80 E 100 g
2 75 " 160
3 83 100 |
: 1 j’
{f ' " i i
ﬂ rl:t::n ‘7?5‘.52 H J ]
H max. ﬂ 83 H 1
i i |

B18 Series mean 71.8 ft 1bs, range 53 - 86 ft Ibs,
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TABLE 28. B18 SUMMARIES

a. B18 Series Weld Parameters
Weld No Step Contact | Bevel Special RPM Fiald Load 1 Load 2
Length width Angle |Geometry {amp) {kip) (kip)
(inch} (inch) )
B18.1 0.05 0.1 30 none 2000 330 60 60
B18.2 0.05 0.1 30 none 2200 330 60 60 ]I
B18.3 0.05 0.1 30 none 2200 330 50 60 f[
B18.4 0.05 0.1 30 none 2200 330 60 50
e

b. B18 Series Process_garameters

eld No| TOTC | Time | INTV Time | TCIF | Time Disp1 § time | Disp2 | time
(kA) | [totc] (v} {intv] (°C) | [teif] | (mil) [[disp1]| (mil) | [disp2]
{sec) {sec) (sec) {sec) {sec)

B18.1 1182.710.102 ] 0.905 ]0.133 | 549 [2.655] 75.9 | 0.5 | 95 | 2.53 |
B18.2 |200.6 | 0.11 | 0.975 |0.118 | 701 |3.47 |93.25]0.595 | 164.8 | 3.44 ||
B18.3 1202.110.109 | 0.985 10.125]| 705 |3.44 [92.16| 0.56 |177.8 | 3.375 |

B18.4 1203.7{ 0.11 | 0.983 { 0.1 744 13.405188.91 | 0.47 | 167 3.28 "

B18 Series Mechanical Test Results

= MMMQW
eld Noj Act. [CVN mean{ CVN min. ¥YS TS *EL HV 10 HAZ width
Disp (ft-Ibs) (ft-ibs) (ksi) | (ksl) HAZ min. {mm)
{(inch} (kg/mm2)
B18.1 | 0.124 | 754 68 167.21] 80.57 | 14
B18.2 | 0.207 69.9 62 66.27 | 78.32 15
B18.3 | 0.223 66.0 53
B18.4 | 0.215 76.2 66




TABLE 29. SERIES B19 WELD PARAMETERS

B19.1

2400 rpm 30 kip constant load
330 amp field

8 flat bottomed holes:

dia. = 0.03125 in., 0.0625 in.
depth range = 0.040 - 0.140 in.

B19.2

24,00 rpm 30 kip constant load
330 amp field

121 tungsten powder

Ix1mm@ 0° & 180°
Ix2Zmm@ 90° & 270°

B19.3

2,400 rpm 30 kip constant load
330 amp field

50 tungsten foil

Ix1mm@ 0°& 180°
lx2mm@ 90° & 270°

BI19

2,400 rpm 30 kip constant load
330 amp field

thin oil film on lower pipe

33
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TABLE 30. B19 SUMMARIES

a. B19 Series Weld Parameters
Weld No Step Contact | Bevel Special APM Figld Load 1 Load 2
Length width Angle jGeometry {amp) (kip) (kip}
(inch) {inch) )
B19.1 0 0.1 30 holes 2400 330 {30 (.05) | 80 (1)
B19.2 4] 0.1 30 W 2400 330 30 30
powder
B819.3 0 0.1 30 W foil 2400 330 30 30
| B19.4 0 0.1 30 ol 2400 | 330 30 30
![ B19.1a 0 0.1 30 holes 2400 330 30 30
b. _ B19 Series Process Parameters
WeldNo | TOTC | Time | INTV | Time | TCIF | Time | Disp1 | time |Disp2] time
(kA) | [totc] {v) fintv] | (°C) | [tcif] | (mil) |{disp1]]| (mil) | [disp2]
(sec) {sec) {sec) {sec) (sec)
B19.1 240.5] 0.11 10.998 |0.125 1090 | 2.78 | 8.67 [0.125 {204.9} 1.31
B19.2 1240.510.094 ] 1.012 |0.118 ] 1191 13.345 0 0 139.9( 3.19
B19.3 1243.1710.11 | 0.985 [0.133 | 1184 [3.345 0 0 137.71 3.345
B19.4 1242.6{0.102}11.002 [0.125]1178 |3.655 0 0 156.1} 3.465
B19.1a [228.410.118 1 0.917 [0.133 [ 1074 |3.18 | 7.58 | 0.22 | 118 3.19
C. B19 Series Mechanical Test Results
eld No| Act. Disp CVN CVN min, YS TS %EL HV 10 [HAZ width
(inch} mean {tt-1bs) (ksi) {ksi} HAZ min, {mm)
{ft-Ibs) {(kg/mm2)
B19.1 0.241
B19.2 0.191
B19.3 | 0.185 I
B19.4 0.202 i
18.1 0.163
a ‘& 4 I 1 ]

54




TABLE 31. SERIES B20 and M1 WELD PARAMETERS

B20.1-4
MA.1, MC.1

2,260 rpm
60 kip constant load
330 amp field

\<\/

iy

| .05
S
30‘ -
.05
|
———-—T .1

3

e

\

1

\;' .05
r

~-R .09
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TABLE 32. B20 SUMMARIES

_ a. B20 Series Weld Parameters
Weld No §  Step Contact | Bevel Special RPM Fleld load1 | Load2
Length width Angle [Geometry (amp) {kip) {kip)
{inch) {inch} )
B20.1 0.05 0.1 30 |.09RshldT| 2200 330 60 60 |l
820.2 0.05 0.1 30 JL09R shidr{ 2200 330 80 60 |}
B20.3 0.05 0.1 30 QD8R shidr] 2200 330 60 60
B20.4 0.05 0.1 30 Q8R shidr| 2200 330 60 60
WWWWWM
b. B20 Series Process Parameters
eld No| TOTC | Time | INTV ! Time TCIF | Time | Disp1 | time | Disp2 | time
(kA) [totc] {v) [intv] tC) [tcif] {mil) {[disp1]] (mil) | [disp2]
{sec) (sec) (sec) (sec) {sec)
B20.1 | 2147 ] 0.102 [1072] 0.102 | 782 3 | 1019 1 0345 | 208.2 [ 2.875 |
B20.2 | 214.2 | 0.101 | 1.105] 0109 | 778 | 2.655 | 1041 ]| 047 | 1952 | 256 |
B20.3 j215.751 0.102 | 1.067 0.11 761 2.805 | 83.24 | 0.125 | 180.8 2.87 ﬂ
B20.4 | 213.65] 0.11 | 1.037 .11 768 3.085 | 8998 | 0.405 | 183.2 2.97 u
e e ——— e e Tt
C. B20 Series Mechanical Test Results
S bbbt A
Weld No | Act. Disp |CVN mean|CVN min. A £:] T8 %EL HV 10 HAZ
{inch) (ft-Ibs) {ft-ibs) (ksl) (ksi) HAZ min. | width
(kg/mm2) | (mm)
B24.1 0.262 65.66 63 6593 77.7 15
B20.2 0.25 [saved for display | ] | |
B20.3 0.243 isent out for CTOD testing
B20.4 0.239 |sent out for CTOD testing
B20.1-1 69
B20.1-3 63 "
| B20.1-5 85 ]I

56




TABLE 33. M1 SUMMARIES

a M1 Series Weld Parameters
Weld No Siep Contact | Bevel Special RPM Field Load 1 Load 2
Length width Angle [Geometry (amp) {kip} {kip)
{inch) {inch) (%)
MA1 0.05 0.1 30 D8R shigT| 2200 330 80 80
MC.1 0.05 0.1 30 |.09Rshidr| 2200 330 60 60 ||
b M1 Series Process Parameters

eld No] TOTC | Time | INTV | Time | TCIF | Time | Dispt | time | Disp2 | time
{(kA} | Itote] | (V) fintv] [ (°C) | [tcif] | (mil) |[disp1]| (mil) | [disp2]
{sec) {sec) (sec) (sec) {seC)

MA.1 210 0.084 {1 1177 | 0.102 708 2.97 103 0.375 171 2.845
" MC.A 2105 | 0.094 | 1.135 { 0.102 763 3 99.75 | 0405 |183.23| 2875

C M1 Series Mechanical Test Results
Weaild No | Act. Disp{ CVN CVN YS T§ %EL HV10 (HAZ width“
{inch) mean min. (ksi} {ksi) HAZ min. {mm)
(fi-lbs} | (ft-lbs) {kg/mm2)
MA.1 (.208 3.2 25
[1] 3.5
(3] 35
[5] 25
MC.1 0.24 58 45
{1} 8
i3} 45 it
[5] S I
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FIGURE 1. PIPE A MILL TEST REPORT
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MITSUI TUBULAR PRODUCTS, INC.

1000 LOUISIANA ST, SUITE 5700, HOUSTON TEXAS 77002

kik PACSIMILE COVER SHEET a4

e i L L L4 ] . S S S T T WO ik e v v T ot o W b Wt . A o o Yol e ok . vy Al s k. il M A O P T . T i M o T S A S e

TO ¢ UNIVERSITY OF TEXAS (AUSTIN) FEX: (512) 471-0781
ATTN : MR. BOB CARNES

FROM : JUN MURATA (MANAGER OF LINEPIPE)

TEL : (713) 236-6183 FAX : (713) 236-6134

DATE : 526-94 TOTAL PAGE
ghkhkkkkhdk Rk ke kb ko k ko hd ke kkk ke h ko k kb kbR dddkdd

P

SUB: STEEL PIPE SAMPLE BY NIPPON STEEL CORPORATIOH

We understand you had communication with Nippon Steel Mr. Suzuki
on the suppiy of steel pipe sample for your HOMOPOLAR FROJECT.
In this regard, Nippon has some stock of bloom in Japan, from which
they can provide the following sample pipes.
QUT DIAMETER (OD) :$ 3-1/2"7 XS '
WALL THICKNESS (WT) BETWEEN 0.3157/ TO 0.43377

Please nominate required wall thickness

LENGTH I40FT

QUANTITY : 5 PIECES
GRADE : API 5L X-65
PROCESS : SEAMLESS PIPE

HEAT TREATMENT QUENCHING AND TEMPARING
CHEMICAL COMPOSITION (LADLE ANALYSIS):
¢/c.08, sijo.19, Mn/1.29, P/O.011, 8/0.002,
Mo/0.22, NWb/0.032, T~Al/0.035, Ca/0.0026
PRICE : $350.~- PER PIECE AT PORT OF HOUSTON
SEIPMENT : IN 3 MONTHS AFTER ORDER EX JAPAN.
THEN, ABOUT 1.5 MONTHS FOR VESSEL
SAILING TO HOUSTON.

Please contact us if you need those sample pipes.
MITSUI TUBULAR PRODUCTS INC
HOUSTON, TEXAS,
LINEPIPE MANAGER JUN MURATA
TEL: {713} 236-6183
FAX: {713) 236-6134

L
_Yours faithfully,

< o

Y e
hY ~~
|

—

\
_ XJUN MURATA
MITSUTI TUBULAR PRODUCTS INC

FIGURE 4. PIPE D CHEMICAL COMPOSITION
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FIGURE 15. Macrograph of D7.1 Weld Profile, Mag. 6X
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FIGURE 16. Macrograph of D7.2 Weld Profile, Mag. 6X
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FIGURE 17. Macrograph of D7.3 Weld Profile, Mag. 6X
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FIGURE 23. SEM micrograph of brittle fracture initiation stie on a D material CV?
specimen. A pore was observed at the initiation center
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